With the large-scale construction of urban rail transit, it will lead to the intersection and transfer of various lines, resulting in more transfer stations. The transfer station is a collection point for multiple subway lines, which is difficult to construct and has a high construction risk. The construction of the new subway station and the operation of the existing subway station are mutually influenced during the close-attached undercrossing construction. Considering the two objectives of ensuring the smooth operation of the existing subway station and the safe construction of the new subway station, this paper comprehensively analyzes the possible safety risk factors during the construction of the new subway station close-attached undercrossing the existing operating station and identifies 75 preliminary risk factors by means of literature review and on-site investigation. Then the Delphi Method and Entropy Weight Method are used to screen the preliminary risk factors, and the main risk factors with greater influence are retained, so that 49 key risk factors are obtained. According to the list of key risk factors, a safety risk assessment index system including 2 first-level indexes, 12 second-level indexes, and 49 third-level indexes is established. Based on the index system, this paper establishes a safety risk assessment model by using Analytic Hierarchy Process (AHP) and Fuzzy Matter Element Method (FMEM). The model first calculates the weight of each index by using AHP, calculates the comprehensive correlation degree of each index by using FMEM, classifies the risk grade of each index according to the comprehensive correlation degree, and determines the risk grade of the project. Finally, the safety risk assessment model is applied to the Dongdalu Station project of Chengdu Rail Transit Line 8. The result shows that the risk grade of this project is moderate risk, which is basically consistent with the actual situation, indicating that the model has good practicability. In this paper, a new safety risk assessment model for subway close-attached undercrossing construction is proposed, which fills the gap in the field of safety risk assessment for the construction of the new subway station close-attached undercrossing the existing operating station.
Introduction
With the continuous progress of urbanization in China, the population density and traffic pressure are also increasing. In order to solve the problem of urban traffic congestion, subway construction has become the preferred solution for major cities in China. By the end of 2018, there were 37 cities with urban rail transit in mainland China, with a total length of 5539.19 km [1] . Compared with other projects, the subway project has more outstanding concealment, construction complexity, and uncertainty of stratum conditions and surrounding environment, which increases the difficulty of construction technology and the risk of construction. According to statistics, during the period from 2002 to 2016 (statistics to March 2016), 246 accidents occurred in the construction of subways in China. There were 238 accidents with clear and specific location records, of which subway station projects accounted for 57% and subway section projects accounted for 43% [2] . For example, on November 15 of 2008, the site collapse of Xianghu Station of Hangzhou Subway resulted in 21 deaths and a direct economic loss of 49.61 2 Mathematical Problems in Engineering million yuan [3] . It can be seen that, in the construction of underground engineering, accidents occur frequently and the situation is very serious. Therefore, the necessity and urgency of implementing safety risk management in underground engineering construction is very obvious.
Risk analysis is a tool that can establish an active safety strategy by investigating potential risks [4] . The application and research on safety risk management of underground engineering have been actively carried out worldwide. Kampmann [5] used risk assessment technology to propose 10 types of risk for the Copenhagen Subway project, including more than 40 types of disasters, and proposed a specific classification system for the possibility of events and their impact results. Based on the actual project, through the safety risk analysis and assessment, Burland.JB [6, 7] calculated the possible damage caused by the buildings along the line during the design and planning stage and gave corresponding reinforcement measures. Later, the research result was applied to the Jubillee line in London, which ensured the smooth construction of the project. In 2004, the International Tunnel Association (ITA) wrote the Guidelines for Tunnel Risk Management [8] , which provided a set of reference standards and methods for tunnel risk management and affirmed the practicability of safety risk assessment.
In terms of specific engineering examples, due to the safety risk assessment before construction and good construction control measures during construction, in a South Korean project where the subway station undercrossed the existing subway, the settlement of the existing subway line was only 3mm during the whole construction process [9] , which is lower than the 10mm required by China's national normative standards [10] . In the project where the northbound tunnel section of the I-93 Interstate Highway in Boston, USA, passed through the South Station of Red Line, through the 24-hour monitoring of the construction process, the safety risks of the entire construction process were accurately assessed and responded, and the normal operation of the existing station and its ancillary facilities was guaranteed [11] . Cao Zhen [12] formed a safety risk system for shield construction of Xi'an Subway Tunnel according to four aspects of engineering geology and hydrogeology, load factor, construction factor, and external factor. Through the analysis of shield construction safety of Xi'an Subway Line 2, three key risk sources, existing railway, moat arch bridge, and ancient city wall, were obtained. The construction safety risk grade can be reduced from grade I to grade IV by the proposed reasonable construction plan. Zhang L [13] conducted a risk assessment of the project based on the importance index of the possibility and the fuzzy importance to reveal the key method of reducing the risk limit. Wang ZZ [14] used the Fuzzy Comprehensive Bayesian Network (FCBN) which combined with Fuzzy Comprehensive Evaluation Method (FCEM) and Bayesian Network (BN) to analyze the risk of the subway project. The comparison between the analysis result and the example proved that this method can be effective to estimate the risk grade of the subway construction project. Peng Yuhan [15] formed a set of assessment system combining the risk factors of engineering characteristics and environmental characteristics, made a risk assessment on the Suzhou Street Station Project of Beijing Subway Line 16, and finally gave corresponding countermeasures for different risk grades. Wang F [16] identified the causes of land subsidence by statistical model based on adaptive Correlation Vector Machine (aRVM) and put forward risk countermeasures for high-risk factors, which effectively ensured the normal operation of the construction.
With the large-scale construction of urban rail transit, it will bring about the intersection and transfer of various lines, resulting in more transfer stations. During the construction of the close-attached undercrossing engineering of transfer stations, the new subway construction and the existing subway structure will affect each other. The construction of the new subway project will affect the safety of the existing station structure, and the existing lines will also affect the construction safety of the new subway project [17] .
With the increase of subway crossing projects, some scholars have begun to explore the research on risk management of subway crossing projects. Based on the risk dynamic analysis method, Guan Jifa [18] constructed a risk assessment system for a tunnel undercrossing the existing subway and put forward the idea that the settlement amount (the uplift amount) and settlement rate (the uplift rate) of the existing subway structure baseplate should be used as the main control indexes in the subway crossing project. The risk control system proposed by Yang Wendong [19] was mainly based on technical indexes and supplemented by nontechnical indexes. An underground line undercrossing a station of Subway Line 4 in Beijing was taken as an example to verify that the risk control system can effectively avoid and deal with risks. Li X [20] made a research on the safety control framework for shield tunneling in close proximity to the operating subway tunnels, proposed that the use of remedial grouting measures can effectively correct the excessive settlement problem in close-attached undercrossing projects, and suggested using the optical fiber measurement to dynamically monitor the project.
Because of the characteristics of underground engineering, such as large investment, long construction period, complex construction specialty, and many unpredictable risk factors, it is very important to carry out reasonable and effective risk management for underground engineering. In recent years, many scholars have studied the safety risk management of underground engineering, but there are few studies on the safety risk management of subway crossing engineering. At present, some scholars have studied the risk management of tunnels undercrossing existing subway stations, but there is no research on the risk management of the new subway station close-attached undercrossing the existing operating station. In the crossing project of new subway station closeattached undercrossing the existing operating station, both the normal operation of the existing station and the normal construction of the new station should be guaranteed, which makes the construction of the crossing project more complex and risky than the ordinary subway project. Therefore, it is necessary to put forward a risk assessment system suitable for the subway crossing project of new subway station closeattached undercrossing the existing operating station.
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Establishment of the Construction Safety Risk Assessment Index System for New Subway Station Close-Attached Undercrossing the Existing Subway Station

Research Framework.
The construction of new subway station close-attached undercrossing the existing station has the characteristics of complex technology and high risk, so it is of great significance to carry out risk assessment. How to successfully complete the construction of the new subway station under the normal operation of the existing subway station and how to ensure the two objectives of the smooth operation of the existing subway station and the safe construction of the new subway station are major technical problems faced by such crossing projects. Therefore, establishing a risk assessment model for the new subway station close-attached undercrossing the existing station can provide a theoretical basis for safety risk management of similar projects, help construction units to effectively control the risks of similar projects, and prevent or reduce the possible adverse effects in the construction process. The research ideas of this paper are as follows: the first step is to identify preliminary risk factors by means of literature searching and on-site investigation. The second step is to use Delphi Method and Entropy Weight Method to screen the preliminary list of risk factors and retain the major risk factors that have a greater impact, so as to obtain the list of key risk factors. The third step is to use the list of key risk factors to construct a risk assessment index system and to divide the risk grade range of each index according to national norms and expert opinions. Fourthly, according to the established assessment index system, the appropriate assessment method is selected to establish a risk assessment model. In the assessment model, the weight of each index is calculated by Analytic Hierarchy Process (AHP), and then the comprehensive correlation degree of each index corresponding to different risk grades is calculated by Fuzzy Matter Element Method (FMEM). According to the comprehensive correlation degree, the risk grade of each index is graded, and the risk grade of the project is determined. Finally, the corresponding risk control measures are put forward for the indexes with higher risk grade in the assessment result. The specific research framework flow chart is shown in Figure 1. 
Identifying Preliminary Risk Factors.
To ensure the smooth operation of the existing subway station and the safe construction of the new subway station is the purpose of establishing and applying the risk assessment model. Therefore, the first-level indexes of the assessment index system are considered from two aspects: the existing subway station and the new subway station. Through on-site investigation of similar projects and consulting the "Technical Specification for Urban Rail Transit" promulgated by the Ministry of Housing and Urban-Rural Development of the People's Republic of China [10, [21] [22] [23] [24] [25] [26] [27] [28] , combined with the opinions of relevant experts, a list of preliminary risk factors is finally determined, which includes 2 first-level indexes, 12 second-level indexes, and 75 third-level indexes. The list of preliminary risk factors is shown in Table 1. These 12 second-level indexes in Table 1 include 75 thirdlevel indexes, which are composed as follows:
(1) Station structure (A 1 ): A 11 : radial displacement of the station structure, A 12 : absolute settlement value of station structure, A 13 : horizontal displacement of the station structure, A 14 : station structure floating, A 15 : differential settlement of station structure deformation joint, and A 16 : crack width of station structure 
Selecting Key Risk Factors.
In the list of preliminary risk factors, the occurrence of some risk factors may have a greater adverse impact on the project, and even the consequences may be unacceptable to managers; such risks are the key risk factors. Project managers should put limited time, energy, and funds on the prevention and control of key risk factors, so how to sort out and select key risk factors from the list of many preliminary risk factors is crucial.
For multivariate and multilevel index system, Entropy Weight Method is an ideal method to objectively determine index weights, which can effectively use the information contained in each index to measure the difference between indexes, and avoid the subjectivity of weight assignment [29] [30] [31] . Based on the comprehensive consideration of the characteristics and the risk management objectives of the subway crossing project, this paper consults relevant technologies and management experts to sort out the preliminary risk factors and uses Entropy Weight Method to select and identify key risk factors.
Obtaining Raw Data.
The risk factors in the preliminary risk factor list are classified according to different risk degrees, and the risk degree classification standards are shown in Table 2 .
The subway project has the characteristics of high cost and complex technology, involving many specialties and participating units. In order to avoid the subjective onesidedness of the investigation caused by the small number of experts and the single source of experts, six types of units, such as owner, geological prospecting unit, designing unit, construction unit, supervision unit, and subcontractor, are investigated on the spot. A total of 30 experts are selected from these six types of units for consultation. The number of experts from various units is shown in Figure 2 . In practice, if 30 experts cannot be invited for some objective reasons, at least 6 experts from different units should be invited. Firstly, 30 experts are invited to score and classify the risk degree of 75 preliminary risk factors according to the risk degree classification standards in Table 2 . Secondly, according to the different units, the average value of experts' scores in each unit is calculated, and six average values from six units are obtained. Thirdly, the evaluation value matrix ( denotes the ordinal number of second-level indexes, t = 1, 2, . . ., 12) is calculated. In the matrix, the number of rows is the number of expert source units, and the number of columns is the number of third-level indexes included in each second-level index. Because the arithmetic mean of the expert scores is calculated separately according to the six types of units, is a matrix of six rows and n columns, of which the value of n is the number of third-level indexes included in each second-level index.
For example, the second-level index "station structure" has six third-level indexes, so its evaluation value matrix 1 is 1 = (1)
Standardization of Raw Data.
The evaluation matrix is standardized to eliminate the dimensional differences among the indexes. If the evaluation value is bigger, the better, the standardized formula (2) can be used. If the evaluation value is smaller, the better, the standardized formula (3) can be used. a is an element corresponding to the th row and the th column in the evaluation value matrix . r is the standardization result of a :
Because the evaluation value of risk factors in subway construction belongs to the smaller the better type, formula (3) is adopted to standardize the evaluation value matrix. For example, matrix 1 is the standardization result of the evaluation value matrix 1 (station structure), which is as follows: 
Determining Index Entropy Weight.
The evaluation value weight of the index is
The entropy value of the index is Among them, k = 1/ ln , when the evaluation value × ln = 0, × ln = 0. The entropy weight of the index is
In order to solve the problem of numerous indexes and complicated calculation, formulas (6) and (7) are compiled into Excel program. By inputting the evaluation value weight of each index into Excel program, the entropy value and entropy weight of each index can be obtained.
According to formula (5), the evaluation value weight matrix 1 of the second-level index "station structure ( 1 )" is 
By inputting the value of matrix 1 into Excel program, the entropy value and entropy weight of each third-level index can be obtained. The calculation results are shown in Table 3 .
Referring to the calculation results in Table 3 , according to the characteristics that the smaller the entropy weight is, the larger the weight is, those indexes with smaller entropy weight are selected as the key risk factors. For example, four indexes with smaller entropy weight in Table 3 Table 4 .
In summary, after the list of preliminary risk factors including 75 risk factors was screened by Delphi Method and Entropy Weight Method, 26 risk factors with relatively less impact were deleted, and a list of key risk factors including 49 risk factors is obtained.
Establishing the Construction Safety Risk Assessment Index
System. According to the selected list of key risk factors (Table 4) , a construction safety risk assessment index system of the new subway station close-attached undercrossing the existing operating station is established. The index system is divided into 2 first-level indexes: the existing subway station and the new subway station, including 12 second-level indexes and 49 third-level indexes, as shown in Table 5 .
By consulting to the relevant national technical specifications and engineering site data, the risk grade of the thirdlevel indexes in the construction safety risk assessment index system is divided into three levels: high risk, medium risk, and low risk, as shown in Table 5 .
Assessment Approach
Superiority of the Method.
After the establishment of the construction safety risk assessment index system, how to choose a reasonable and effective assessment method is very important to establish a construction safety risk assessment model. After consulting the relevant literature [32] [33] [34] [35] [36] [37] [38] , this paper uses Analytic Hierarchy Process (AHP) and Fuzzy Matter Element Method (FMEM) to evaluate the construction safety risk of the new subway station closeattached undercrossing the existing station qualitatively and quantitatively. Firstly, the weights of the indexes are calculated by AHP, and then FMEM is used to determine the risk grade of each index and the project.
In order to facilitate the research of problems with multiple contents, it can be transformed into quantitative problems and then studied. AHP is a common method to solve such problems. For the complex index system, the weight of the index occupies an important position. Using AHP to calculate index weight can reduce subjective factors and improve the scientific nature of weight determination.
Fuzzy Matter Element Method (FMEM) was proposed by Chinese scholar Cai Wen in the 1980s. The main point of this method is to describe things with "object, features and quantized values." Matter element refers to the basic elements of an orderly group composed of these three elements. If the object has n characteristics and corresponding quantized values, it is called n-dimensional matter element. Matter element analysis is to study the matter element and its changes, mainly to study the incompatibility of the real world. The purpose of adding fuzzy mathematics to matter element analysis is to deal with the quantity ingredient with fuzziness in matter element, and the combination of these two is fuzzy matter element analysis [35] [36] [37] [38] . The application of FMEM in risk assessment has a number of advantages. Firstly, it can describe the complex risk assessment index comprehensively and clearly. Secondly, it can describe the fuzzy state of the assessed object in the form of fuzzy subset vector and objectively evaluate various indexes. Thirdly, it can be used not only for the comprehensive assessment of subjective risk factors to solve fuzzy phenomena with unclear boundaries and that are difficult to quantify in various indexes, but also for the comprehensive assessment of objective risk factors to make the assessment process clear and scientific. should not only ensure the safe construction of the new subway station, but also ensure the normal operation of the existing subway station. Its risk assessment can be seen as a problem with two incompatible objectives. Combining AHP and FMEM, the construction safety risk assessment model is constructed. The detailed calculation process is shown in Figure 3 . The main calculation steps are as follows.
Construction Safety Risk Assessment Model
Calculating Index Weight.
AHP is used to calculate index weight. Firstly, the judgement matrix of all levels of indexes is constructed by synthesizing the judgement of experts. Secondly, whether the judgement matrix passes the consistency test is observed. If it passes the test, the weight of each index in the judgment matrix can be obtained. 
Determining Matter Element.
In the construction safety risk assessment model, FMEM is used to establish the matter element composed of "risk assessment, assessment indexes, and quantized values." Risk assessment , risk assessment feature , and feature quantified value together constitute the matter element to be assessed, which is
Determining Matter Element Matrix of Classical Domain and Joint Domain.
The classical domain matter element matrix of the construction safety risk assessment can be expressed as
where is the classical domain matter element; is the th level of the classified risk grade, = (1, 2, ⋅ ⋅ ⋅ , ); is the th assessment index; ( , ) is the quantized value range corresponding to the th risk grade, that is, the classical domain.
The joint domain matter element matrix of the construction safety risk assessment can be expressed as
where is the joint domain matter element; ( , ) is the quantized value range of the feature ; is the overall level of risk grade.
Calculating the Correlation Function and Correlation Degree to Determine the Risk Grade of Each Third-Level Index.
The index correlation function ( ) of construction safety risk assessment is defined as
Where:
where ( , ) is the distance between point and finite interval = [ , ]; ( , ) is the distance between point and finite interval = [ , ] ; is the quantized value of matter element to be assessed; is the quantized value range of the classical domain matter element;
is the quantized value range of the joint domain matter element.
Calculating the Comprehensive Correlation Degree and
Determining the Risk Grade of the Project. The comprehensive correlation degree ( ) of with respect to risk grade j is as follows:
where ( ) is the comprehensive correlation degree; ( ) is the single correlation degree = (1, 2, ⋅ ⋅ ⋅ , ); is the weight of each index. If
then the th index belongs to the th grade of construction safety risk assessment. If
then belongs to the th grade of construction safety risk assessment.
When 0 < ( ) < 1, it indicates that the unit to be assessed meets the requirements of the assessment standard; when -1 < ( ) < 0, it indicates that the unit to be assessed does not meet the requirements of a certain grade of assessment standard, but the unit to be assessed has the conditions to convert to the assessment standard, and the smaller the value is, the easier it is to convert; when ( ) < −1, it indicates that the unit to be assessed does not meet the requirements of a certain grade of assessment standard and does not have the conditions to convert to the assessment standard.
Case Study
Project Profile. Dongdalu Transfer Station of Chengdu
Rail Transit Line 8 is located at Huiyuan Road with a road width of 30m. The transfer station is arranged in the eastwest direction, using a 13.5 m island platform. The station is a three-story, three-span box-type underground frame structure. The main body of the station is constructed by open-cut method, and the underground excavation method is used at the transfer node of the station and Chengdu Rail Transit Line 2. The total length of the transfer station is 306.2m, the width of the standard section is 23m, the covering soil is 2.6m, and the buried depth of the station baseplate is 24.2m. The station transfers with the operating Line 2 in the form of T-type node transfer, as shown in Figure 4 . At this Ttype node, the existing two-story underground station is on Line 2, the new three-story underground station is on Line 8, and the new station on Line 8 is close-attached undercrossing the existing operating station on Line 2.
Construction Safety Risk Assessment
Calculating Index Weight.
As discussed above, 30 experts were consulted in the selecting of key risk factors. These 30 experts are invited to grade and judge each index of the risk assessment index system in Table 5 , and the judgment matrix of each index at all levels is established. Then the judgment matrix is input into the Matlab program based on AHP to determine whether it passes the consistency test and get the weight of each index.
For example, the judgment matrix of the first-level index "existing subway station (A)" is established, as is shown in Table 6 . CI = 0.0170, CR = 0.0152 are obtained by AHP. CR < 0.1 means that the consistency test has been passed, and the calculated weights of each second-level index under the firstlevel index "existing subway station (A)" are 0.1599, 0.4185, 0.2625, 0.0618, and 0.0973, respectively.
Similarly, the weight of other second-level and third-level indexes can be determined. The calculation results are shown in Table 7 .
Determining Matter Element to Be
Assessed. In the comprehensive assessment, the assessed unit is an ndimensional matter element, and its eigenvalues vary according to its influence. The 30 experts consulted during the selecting of key risk factors are invited to estimate the specific status of the indexes in the index system in Table 5 . For example, experts estimate that the absolute settlement value of the station structure (A 12 ) of this project may be 4 mm based on the practical experience of similar projects, and the evaluation value of this index is 4. Similarly, the evaluation values of other indexes can be obtained, and the evaluation values are averaged arithmetically to get as shown below. , and 3 , which are qualitatively described as high risk, medium risk, and low risk. The classic domain matter element matrices 1 , 2 , and 3 and the joint domain matter element matrix established based on Table 5 are shown in Table 8 .
Calculating the Correlation Degree to Determine the Risk Grade of Each Third-Level Index.
The values of the matter element are input into Excel program which has been compiled based on the FMEM, and the corresponding calculation results are shown in Table 9 .
Calculating the Comprehensive Correlation Degree and
Determining the Risk Grade of the Project. The comprehensive correlation degree is calculated according to FMEM, and the comprehensive correlation degree and risk grade of each second-level index can be obtained as shown in Table 10 .
Combining the correlation degree of each index and the corresponding index weight in Table 7 , the comprehensive correlation degree of each first-level index is obtained, as shown in Table 11 .
The correlation degree of each index and the corresponding index weight in Table 7 are input into formula (18) to obtain the comprehensive correlation degree of the matter element to be assessed, as shown in Table 12 .
Result Analysis
Result Analysis of Existing Subway Station.
The risk grade of the first-level index "existing subway station" is medium risk, which indicates that the close-attached undercrossing project is easy to affect the existing station. According to Table 10, in the second-level indexes, the risk grade of "station structure" and "track structure" is medium risk, while the risk grade of "power supply system," "water supply and drainage system," and "ventilation and signal system" is low risk. Table 9 shows that, in the third-level indexes, the risk grade of "absolute settlement value of station structure," "crack width of station structure," and "void amount of trackbed" is medium risk. To guard against these risk factors, it is necessary to have strict control of each working procedure that may cause settlement in the construction process. As the structural settlement and deformation caused by construction are the main factors affecting the deformation of station structure and track structure, good construction measures to control the value of station settlement within the allowable range can ensure the normal operation of existing operating station.
The results of risk assessment are compared with the actual engineering data. The risk assessment results of the qualitative indexes in the third-level indexes are consistent 
thousand vehicles/h 5∼10 3∼5 0 ∼3 0 ∼10 Table 13 . There are 15 quantitative indexes in Table 13 . Among them, the risk grade corresponding to the risk assessment results of 13 indexes is consistent with the risk grade corresponding to the actual engineering measurement results, and 2 indexes are inconsistent. For instance, the risk grade corresponding to the expert assessment results of "pipeline damage" and "equipment pending repair rate" is medium risk, while the risk grade corresponding to the actual engineering measurement results is low risk, which indicates that the construction unit has strengthened the management of pipelines and equipment on site according to the result of risk assessment and has taken effective control measures to reduce the risk grade of these indexes.
Result Analysis of New Subway Station.
The risk grade of first-level index "new subway station" is medium risk, which indicates that the operation of existing subway station will have a great impact on the construction of new subway station. From Table 10 , it can be concluded that, in the secondlevel indexes, the risk grade of "construction monitoring of existing station," "engineering dewatering," "foundation pit excavation," "surrounding rock and soil mass and surrounding environment," and "green construction" is medium risk, while the risk grade of "new space enclosing structure" and "construction technology management of main structure" is low risk. Table 9 shows that, in the third-level indexes, the risk grade of "accuracy rate of feedback real-time data," "depth of foundation pit," "buried depth," "ground traffic control," and "construction trash control" is high risk. In order to prevent the occurrence of these risk factors, it is necessary to strengthen the protective work and monitoring of the station structure and line of the existing station and analyze the monitoring data in time. For the alarm data issued by the monitoring device in the construction process, the operator should respond in time, report to the superior department immediately, and take effective control measures. Then, it is necessary to pay attention to the monitoring of various indicators in the construction process of new subway station and to timely analysis of monitoring data to ensure the accuracy rate of data feedback. At the same time, the construction unit should reasonably guide the ground transportation, and the trash generated in the construction process should be transported to the designated location in time, and protective measures should be taken in the transportation process to prevent dust, soil pollution, and other problems.
The results of risk assessment are compared with the actual engineering data. The risk assessment results of the qualitative indexes in the third-level indexes are consistent with the actual engineering measurement results. The comparative analysis of the risk assessment results of the quantitative indexes and the actual engineering measurement results is shown in Table 14 . There are 23 quantitative indexes Table 14 . Among them, the risk grade corresponding to the risk assessment results of 19 indexes is consistent with the risk grade corresponding to the actual engineering measurement results, and 4 indexes are inconsistent. For instance, the risk grade corresponding to risk assessment result of "accuracy rate of feedback real-time data" is high risk, while the risk grade corresponding to the actual measurement result is medium risk. The risk grade corresponding to risk assessment result of "monitoring hole of groundwater level," "survey spot arrangement spacing," and "dust control" is medium risk, while the risk grade corresponding to the actual measurement result is low risk. It shows that the results of the risk assessment model have a certain warning effect on the construction unit. The construction unit has strengthened the feedback of real-time data on site, strengthened the layout of groundwater level monitoring holes, the spacing control of survey spot arrangement, and dust control, and adopted effective prevention and control measures to reduce the risk grade of these indexes.
In summary, the risk grade of the close-attached undercrossing project is medium risk. The assessment result is basically consistent with the actual engineering situation, which indicates that the construction safety risk assessment model has certain practicability.
Conclusion
In order to solve the problem of safety risk assessment in the construction of new subway station close-attached undercrossing the existing station, this paper considers the two objectives of ensuring the smooth operation of existing subway station and the safe construction of new subway station and uses Delphi Method and Entropy Weight Method to select the list of key risk factors from the list of preliminary risk factors. According to the list of key risk factors, the construction safety risk assessment index system is established. Based on the assessment index system, a construction safety risk assessment model is established by using AHP and FMEM. The assessment result of the model is basically in line with the actual situation through case analysis, which shows that the model has good practicability.
In this paper, Delphi Method and Entropy Weight Method are used to select key risk factors, AHP and FMEM are applied to assess construction safety risk, and a new construction safety risk assessment model for subway crossing projects is proposed, which provides a theoretical basis for the construction safety risk assessment of new subway station close-attached undercrossing the existing operating station.
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